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ABSTRACT

A study was miade of the Medium-Weight High-Impact
Shock Machine to determine the magnitude, {requencies,
and general characteristics of the shock developed by this
machine under specification operation. A comparison of
duta is intended to correlate this shock to shipboard shock
experienced in actual combat and to compare the shocks
delivered by other machines of a simil=r type.

Records were made of the motions on the load and on
the anvil table for fcur types of loading, for three distances of
anvil-table travel, andfor hammerdrops corresponding to
Claaz A and B tests of standard military specifications (9)
plus additicnal blows equivalent to 150 percent of Class A
and 50 percent of Class B blows. Both bolt-spacing dis-
tancea allowed by the rectangular load dimensions were
test- i for each load weight, resulting in a total of eight
distinct runs,

Relationships between peak measurements ofaccelera-
tion and velocity on the anvil table zn4 lned are shown to
be linearly relatad to the hammer-impact velocity. Motions
resylting from anvil-table reversal ars discussed, and it
is shown that this secandary shock ean be the largest under
certain conditions, Theoretical equations of motion are de-
veloped and their correspondence to exparimental data
demonstrated.

PROBLEM STA 18
This 18 an interim repart; work on this problem is con-
tiruing.
AUTHORIZATION

NRL Problem Y8 ¥03-38R
ADB NS 711-101

Wenuoetipt ewtmitieod far publication: Jwne 13, 198}
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CHARACTERISTICS OF NAVY MEDIUM-WEL 'IT
HIGA-IMPACT SHOCK MACHINE

INTRODUCTION

The importance of protecting naval shipboard equipment from damage raund { by
near misses, noncontact explosions, coneussion {from the ship’s own guns, as well as
damage from direct hits in adjacent spaces was recognized shortly after the close of
World War I. Since then, technical advences in weapens and missiles, ard increased
reliance on delicate, complex equipment has made the shock-protection program of vitai
intevest to the Navy. Numerous shock and vibration machines have been constructed to
simulate, in the laboratory, the type and magnitude of shock motions encountered under
combat conditicns. These machines then served as a btasis of acceptability for numerous
shiphoard equipments and were 2180 used to point out {nherent design wesknesses.

Considerable study has been made recently of the shock machines in common use to
compare them with nne another and with field conditions, 80 that unneceasary duplica-
tions may be climinated and more realistic tests employed. The 250 Ft-1b Shock Machine
(1), the 3 Ft-1b Vibrarion Machine (2), and the Shock Machine for Electronic Devices (3, 4, 8)
have been investigute: and reports written covering their characteristics. The few
reports on the Medium-Weight High Impact Shock ’fachines (6) ard the Light-Weight
High-Impact Shock Michines (7,8) have dealt mainly with their speefal attributes and have
not attamptad to cover their charazteristics over their entire operating range. Changes
in mounting arrangsments and machine modifications have been made as the needs

bscame spparent, necessitating a reinvestigation of the machine characteristics under
these new conditions.

This report covers an iavestigation of the Medium-Weight Shock Machine when
loaded and operated in accordance with the governing shock-test specifications (9, 10).
Experimental test runs were begun on 24 February 1950 ana inmpleted 21 August 1950,
Two preliminary letter reports covering loads, mounting arrilgements, snd instrumen-
{ation (11), and pesk shock mutions (12) have heen sybmitted to DuShips to expedite the

release of this information. This report now summarizes all thesé data in one coherent
document.

THE MEDIUM-WEIGHT SHOCK MATHINE

The NRL Medium-Weight Shock Machine, one of the latest versions of this type, was
first put into operation in the iatter part of 1948, Incorporating all operational features
and conveniences lacking in the origina] instaliation at the Engineering Experiment Sta-
tiom, it includes pneumatic table jacks, base restraints, and Uw quick-release mecha-
nism, Shortly after being put into operation, difficulty was experienced in keeping the
anvil-table hold-down boits tightened, despite the use of lock nuta. This trouble was

-
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Figure | « Experimental test s2tup {or Run g
%, {(Nate the reinforcing pads weided to the Figure 2 - Hammer and anvil con-
anvii-table siiffeners.) tact areas

remedied, however, by pinning both the nut and the lock nut to the hold-down bolt, In
October 1948. cracks ‘were noted in the anvil-table reinforcing webs, which bore sgainst
the pneumatic jacks. The cracks were longer on the webs which faced the hammer.
Apparently, the anvil table often assumed a decided tilt so that the landing shocks were
absorbed by the webs atriking the jack body rather than being absorbed by the ring pads.
Repairs were made on the cracked members by welding 14 In. x 4 in, x '1/8 in. stee}
pads on both sides across the cracks and by welding an 8-1/2 in, x 4 In, x 1-1/4 in. stedl
pad along the bottom. About a year later, similar cracks were noted in woba which had
not been reinforced, the worst cracks again being fuaad in the webs which faced the
hammer. Ildentical reinforcing pads (Figure 1) were then welded to all remaining webs,
and the entire anvil-table assembly stress relieved,

No quantitative data are available which would permit a comparison of the anvil-
table stuf{ness before and after addition of the reinforcing puds; the change probably was
regligiole. Addition of the stee) pads to all twelve webs, however, increased the anvile
table weight, including hold-down bolta and atop ring, to 4500 1b. Thia additional weight
(12 percent) to the anvil table is probably reflected in a slightly leas severe shock to
equipment under test over that previously delivered.

An interesting operational feature of the machine was encountered while checking
sanme of the experimental data. Paper targets were attached to both the hammer and
anvi] surfaces with the centers and orientations suitably marked to determine the con-
'act areas. Carbnn paper securcd over the targets left prints of the ~oulact areas on

(i‘).@
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each target whep tiie hammer hefight was just
sufficlent to permi! irn.pact. Patterns were ob-
tained for standard 3-in, and 1.5-{n. table.
travel blows, and for the 0.75-in; tabletravel
also employed in this investigation, Figure 2
shows aketches of these results. Apparently,
ntheinitial design of the mackine, the surfaces
were adjusted to strike centrally when positioned

10r 2 1.5-in.-travel blow. The center of impact Figure 3 - Record of hammcr con-
shifts toward the hammer-axis fora 3-in,~-trave! tact time—one millisecond blanking
tow and away form it for a 0.75-1n.-travel markers

blow; consequenily, both of the latter blows

impart a rotational component to the anvil tuble, but in opposite directions. During a
3-in.-trave! blow, the rotation causes the side of the table nearest the hammer-axis to
reach its maximum travel first; this behavior acenunts for the more frequent 'cosening
of mounting bolts on this side of the table, Within tha limits aliowed by the hold-down
bolts, the lateral contact {3 central for all table-travel positions.

A strain gage attached to the hamraer gave records (Figure 3) of the hammer-anvil
time of contact for the Medium-Weight Shock Machii®, The particular record which shows
& single pulie of force lasting approximately one millisecond was obtained under non=-
standard lozding conditions, but server to demonstrate the type and duration of the impact.

LOADS AND MOUNTING ARRANGEMENTS

Load weighta made from a shock-mount testing apparatus (13) comprised a number of
waights which couldbe bolted to either of two base pleces, A fabricated welded steel frame
with base dimensions of 16 in. x 24 in, was used for loada below 2000 1b; an 1870-1b steel
casting withbase dimensions of 24 in. x
32 in. substituted as the base member
for loads upto 4500 1b. Addiclonal steel
plates could beholted to either base
plece so that the lotal weight could be
adjusted to any value within the load
capacity of the machine, Bothtypena of
loads were supportedatthe corners by
hollow, cylindrical, spool-like mounting
feet. Two typical test arrangements are
shown o Figures 1 and 4, and detailed
drawingt. of the load components are
fncluded in Appendix I,

Loads approximating 28, 50,78, and
100 percent of the maximum load capacity
were chosen as values of the load parum-
ater, The rectangular dirensions of the
load bane permitted two orientitions of
the load with a corresponding change In
mounting conditions. The number of
support channels was determined from
Table 1 (Figure 7A of Reference 10), A
summary of the test conditions which pre-
vailed during each run is given in Table 1.

Throughout this {nve«tigation, stand-
Figure 4 . Evperimental teat setup for Run 2 ard mounting techniques were emploved
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as prescribed Dy the poveraing speeifications. Suport channels were used in pairs, back- )
to~back, spiced apart, and bolted together 2t the ends, The josd was secured by T-clamps,
and mounting pads were aupplied as required. Inasmuch as the physical arrangement oi

the support channels affects the results somewhat, this information has been puiccd in

' ! 4 NAVAL RESEARCN LARORATORY ‘
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¥ Appendix 1,

i

TABLE 1
Summary of Test Conditions

¢
[
; Bolt Load | No. of Support-Channel Totel Weight
: Run | Spacing Weight | Support Weight on Anvil Table”
, No. (in.) (1b) Channels (1] (1n)
1 18 1118 4 300 1858
' 2 24 1115 3 223 . 1783
3 16 2051 6 450 3026+ ®
4 24 2051 5 375 2951%
5 24 s3se! 8 600 4420
8 82 26t 54 318 4204
7 24 4423 10 750 5810
8 32 4423% 7 525 5391
*Includes weight of base channels {402 1b) and instruments (35 b}, »
ihu,ludu weight of mounting pads (82 1b) across channels. '
Includes weight of auxil{iary channels (362 1b).
§Six support channela should have been used,
HAMMER DROP AND TABLE TRAVEL »

b Heights of hammer drop and distance of table travel were as apecified for Class A
‘ and B equipment (9, 10), but with additionz! blows representing 30 percent of the height

of drop specified for Class B equipment and 150 percent of that specilied for Class A
equipment, Exceptions were made to these conditions when the heights of drop were
nearly equal for the same table travel or when they exceeded the machine capacity, A
second departure {rom standard test procedure was introduced by including blows
delivered with table travel restricted t00.73 inch, Foliowing the notation employed by the ’
specifications, the 0.75-in, anvii-travel blows were designated as Group IV blows and
were identical to Group ITI blows in all other respects:. Height of hammer drop and
anvil-table travels used during each run are given in Table 3.

INSTRUMENTATION

Shock motions of the anvil-table load were measured by two groups of instruments,
each comprising an accelerometer, a velocity meter, and a multifrequency reed gage.
A set of bonded wire resistance strain gages, cemented to one of the lnad-supporting '
feet, indicatod the force exerted by the load on the supporting channels. Positions of the
yarjous pickups may be seen from Figures 1 and 4. With the exception of the reed gages, .
the pickups gencratad an electrical signal in proportion to the characteristic they meas- ! ¥
ured. Output signala were simultansously recorded photographically by a five-channel
cathode-ray-nncitlograph assembly (Figure 5) and by a Mirragraph system for conven-
fence of £ Inter electrical ana)ysis,
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Height of Hammer Drop and Anvil-Table Travel

Group and ] Type of Helght of Hammer Drop (Feet) )
Table Travel | Test Runl | Run2| Run 3| Run4] Run$| Run 6 {nun 7! Run 8
Group I Class A 1.00 1.00 1.50 | 1,50 | 2.00 | 2.00 (2,50 {°.50
{3-in, table |[Class B 0.75 0.75 1.00 | 1.0 | 1.25 | 1,25 (1,75 | 1,78
travel)
50%
Class B 0.38 | 0,38 0.50 10,50 }0.,63 | 0.63 0,87 |0.87
Group Il 150% '
Class A 3.00 3.00 3.715 | 3.7 |5.2 4,48 - -
{3-in, table |[Class A 2.00 2,00 2.50 | 2,50 |35 {325 (5.5 |5.50
travel)
Claas B 1.25 1.25 1.75 | 1.75 | 2.25 | 2.25 {2.75 | 2.71%
Groups 150%
I and IV Class A 3.00 3.00 3,75 | 3.7 |5.2 4,68 - -
(1.5~ and
0.7%-1n, Class A 2.00 2.00 2.50 | 2.50 [ 3.%0 | 3,25 |5.50 | 5.80
table travel,
respectively) |Class B 1.25 1.25 1.75 | 175 | 2,25 | 2,25 1278 | 2,78
50%
ClassB ) 088 o063 | 087 (087 (222 112 (137 [1.42
70T HAMMER (P OTVE TAIE THAVEL Table 3
- Correlation ot Pickup Type and Location
- . Experimental
- Ttace NoJ Instrument) Location |
.
= 1 | Veloeity | Anvil Table
fm e - Meter
- T 2 Velocity | Load
L J - Meter
' -1 3 Acceler- { Load
fae ~ ometer
Strain Mounting Foot
T - Gage
" g 3 Acccler- { Anvil Table
i = ometer _J
T'igure B - Typical teat records - Run A
1 ond weight 4423 1h
Nalt am~ring, V2 in
o channeia 7
=
2 e _e .- e e 2
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Typica; oscillographic test re. -5 are chown in Figures G Gwrough 8; Tais! i tstn
the measuring Instrument with its experimental location and its pusition on the test
record, Traces are numbered from the bottom up,

The recording : - gement did not permit a di-~ct com arisor of instaatancous
signals until allowvan, - were made for the displavements of the time scaies for traces 2
anud 4 (Figure 8) 2nd the electrical delay occasioned by the low-pass fillers on traces }
and 5. These time displacements were constant and known for a given filter, and they
were taken into consideration in establishing a time correspondence between traces,

Pickup units used during this investigation were standard types whose characteris-
tics and ilmitations are well known. The velocity meter on the anvil table was an MB
type 200, mndified to reduce the natural frequency to about 2.5 cps. A Hartz Velocity
Maier measured the load velocity, since this instrument can accomudate a larger dis-
piacement hefore bottoming and is consequently more satisfactory for electrical waalysis.,
Westinghouss quartz-crystal accelerometers were secured to both the anvil table and
load positions. Special precautions were observed to minimize disturbances from "cable
raicraphonics” by using graphite-impregnated cable® and by supporting it {ndependently
from the shock table, Accelerometer signuls were limited in requency by a 300- or a
1000-cps low-pass filter to eliminate the high-frequency components which 8o often
obacure the desired signals. Strain-gage elements were arranged as opposite arms of a
bridge to eliminate bending stresses from the output. Both the velocity signals and
strain-gage aignals were recorded without fiitration.

EQUT, ALENT SINGLE-DEGREE-OF-FREEDOM SYSTEM

For study of anticipated shock motions, the shock machine and its load may be con-
sidered as a single-degree-of-freedom system, with the configuration given by Figure 8.
The load and anvil table were denoted as
masges # and F,, respectively, both

-----

A, 235umEd (v Ue olgid Luiive. The dupporting
M, channels were represented as a massless,
linear spring with stiffness & and a viscous
damping coefficient ¢, As & first approxima-
tion, the effects of gravity were neglected.
Boundary conditions were chosen so that the
entire system was at rest prior to ¢ = 0 when
the anvil table #, sw<ienly acquired a posi-
tive (upward) velocity ¥, . The initial accel-
eration of #, was assumed t0o occur inan
interval which was negligibly short compared
to the natural period of the system so that o,
could be assumed to experience a step change
in velocity.

Figore 9 - Equivalent single-degree-

The fundamental force equations for this
ot-{reedom system

system are;
-k (l, "l’|) - ¢ (:'| "':|) -'|?|'
E(x, - %) teclf -%) - .
*Graphite between the shield and the insulator and around the central conductor of

eingle.conductor shielded ¢cable eliminated the rifects uf electrical charges building up
un the surface nf the insylator.

s

Sl ‘ Prran
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which are simultanenus, linear, differential cquations that may be solived by urdinary
methods. Equations of motion for hoth bodies, as derived in Appendix (I, ure givea by the

following expressions when the percent of critical damping is small: '
e
r - wt £ wt
Ve a . Yy me %
"-li‘nt- - sxnut-‘ x, l+nt+ - ain we
)
14 . & V. ~ 2wt
:'xl -l:.[l—e ‘ ros wt] ?t, *1: [14--0 ¢ cos ut]
n
Ve S e - Vo -
- 1: ~ [c “*  4in ut] A l_:' - [-c “  sin ut] ’
wheres = ¥, /4, , the masa ratio,
Z = percent of critical damping, ’
N, + 0k
.= - . the reaction oscillation frequency, and
173
Y, 1= the initial velocity acquired by », . ) ®

Representative plots of these equations are shown (Figure 10) for c/c, equal to 0,05
and gravity neglected, Curves for anvil-table displacement and velucity are ahown for the
approximats maximum and minimum ve.ue.. of maas ratio used expertmentaily. Some
fundamental aspects of the shock motion are disclosed by this |dealistic system, Ate = 0 ]
the anvil table owns cll the momentum in the system and the load ix at rest, As tirse pro-
gresses, these bodiea execute a sinusoidal interchange o momentum at a frequency
determined by their individual masses and the channel stiffness. After ar extended
period determined by the camping coeflictent, they will again reach equilibrium, each
possessing & velocity of ¥, /1+e. If gravity {8 considerad, a velocity equal to~g¢ musl be
subtractad from the calculations. The two rigid bodies are 180 degrees out of phase, their
relative acceloration amplitudes being governed by ¥, = = ¥, « Addition of gravity pro- ’
duces a negligible zero shift in these plots,

In actual practice, one of two eventa occurs which detormines whether the motiona
are as indicated. 1f the initial anvil-table velocity is not aufficient 0 cause the anvil table
10 reach ita upper limit stops, the table rises until it expends ita Initia) energy and then
falis under the influence of gravily. No new transients are introduced until the anvil table

o e TS et
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ttvms. The other ai. “mative necurs
when the anvil-tzble initdil velocity 18
sufficient to allow it to reach Its upper
1imit of travel. 'The anvil-tabie maticn i=
abruptly reversed and a new se. . tran-
sients are introdnesd which moy nu!l'fy
or augment the oacillations aiready in
progress. Test parameters, i.e., anvil-
table travel, initial velocity, natural fre-
quency, and mass ratio, play ¢.: impor-
tant role indetermining the oscillation pha se
at reversal, and, therefore, the mmagnitude
of the subsequent motions. A study of the
lond motions under the 'atter conditions
is extremely important trom the stard-
point of shock damage and in the analysis
of records from instruments such as the
reed gage, which has no time-axis,

If somz simplifying assumptions are
made, a mathematical expreasion may
be derived which includes ths motions
caused by anv!)-table reversal. These
include negiecting gravity, damping, and
assuming that the anvil-table velocity reverses abruptly to one half of its striking velocity.
Although these restrictions prevent a direct comparison batween theoretical and experi-
mental results, they permit an insight into the mechanisma involved. Assume that the
system of Figure 9 is initiated and allowed to run for a time t, at which time the anvil-
table velocity reverses. The new boundary conditions are then detarmined by the motions
of the savil table and load evaluated at t, A= shown by Appendix II, the load velocity is
described by

Figure i0 - Motiona of equivalent system
to a step-veiocity change

1 /
}'- i-;!-: [(.1.. 1) sln wt + (1 = coe ) con ut} +

(T—E’T)" [ —%-3-3—.;'01‘!][1 - cop u!].

A plot of this expression (Figure 11) is shown for a mxvs rutio of tero with ¢ as the varl-
able. As one would expect, the maximum load velocity change resuita from anvil=table
reversal, occurring when the load has its maximum velocity away from the anvil table
(curve 3). Under thess conditions, the magnitude of the reversal velocity change ia larger
than that cauzed by the initial hammer impact over most of the range and 1nay reacha
ratio of 2. 5. In practice, however, ratios of this sise never are #ncountered,

EXPERDMENTAL RESULTS
Anvil.Table Velocity - General

The anvil-table velocity waveform is characterized by features which are little
affected by height of hammer drop, anvil-table travel, or load. It is a superpesition of live
major elementa, vig, the initisl-velocity change owing to hamme: lmpact, a local high-
frequency vibration of 730 cps cauaed by the anvil table vibrating as an elastic tody, a
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low-irequency oscilla. n resulting
from reaction of the I~nd, ¥ the
retarding effect of grzv.ly, and a
velocity reversal if the anvi] table
strikes its upper limit stops. rc>
the majority of binws the anvil table
suffers three step-velacity changes
caused by hamme:zr ispact, anvil-
table reversal, and the final land-
ing, which is negligible comparad
to the first two and usually ignored.
Reiative magnitudes between ham-
me.* impact and changes in anvil-
table reversal velocity depend
largely on the phase o1 the reaction
component at the time of reversal,

-r

Initial Anvil-Table Velocity

As a result of the hammer
4L impact, the anvil table isaccelerated
I T N | for about one millisecond (Figure 8),
) " 2 I3 3 4T while elastic vibrations of the anvil
T fable are excited. Sincs the time of
Figure 1] - Motion of equivalent system to a hammer-anvil contact is longer than
reversal-step change in velocity at any tir-e half the natural period of the anvil
after starting table, the vibration builds up so that
the first peak never is as |arge as
the second. The amplitude of the
first peak closely approximates the center line of the subsequent elastic vibrations, so
that { iz taken as the magnitude of the initial anvilitable-velocity step. Plcts of initinl
anvil-table velocity thus obtained for each experimental run are shuwn in Figures 12
through 19. As was noted with previous shock machines investigated, the Initial anvil-
table velocity is apparsntly a linear function of the hammer velocity (momentum) at
impact, and, because of the resilience of the support channels, it is independent of the
weight of the atinched lond. Slopes of thrse data plotted againat hammer-impact veloeity
ranged from 0. 38 down to 0. 49, both extremes occurri~w during medium-load runs. The
average slops of 0. 54 was tuken as the most probable vathe for the hammer-to-anvil-
velocity transfer characteristic for channel-mounted Joads, Loads rigidiy mounted to the
asvi tabie wil] alter this factor through their influence on anvil-table weight, The initial
anvil-table velocity for a channel-supported load varied between 3.4 ft/sec for the lowest
Class B blaw of 0,78 ft up to 10,3 [t/aec for the maximum hammer drop of 5.6 ft, Figure
20 shows a combined plot of Initial anvil-table velocities for all sxperimental runs and
the maximum deviation from the average oncountered during thia investigation.

Average Anvil-Table Velocity

Three methods were available for avaluating the average anvil-table velocity, two
tased on experimental measurements, and the third derived from theoretical conaiderations.

“The reaction osciliation frequency is the natural [rzquency of the load on the support
channels as defined by u (page 8)

-
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Frperimental metheds ¢ . mprise.
(a) determination of av.. 120 vy -
ity irom the nominal anvii-ad.n
travel and the time required to
reach the upper-limit stops, wn-
(b) a graphical averaging of the
anvil-table-velocity curve. The
thcoretical method wvas derived by
averaging the expre:ion for anvil-
¥ A - table velocity, including gravity,

g2 ¥y s over an integral) number of cycles
oz i} 199192 s Y3 and ylelded

t . [ [ 0 4 - - to v

HAMMER-2PAOT VELOOITY PT/SE0) - s L 1

3

»

T M WLOUTY ¢F1/%4Q
[ 4

Filgure 20 - Initial anvil-table velocity - all runs

The experimentally measured value
for ¥, was used.

Unfortunately, all three methods are subject to error and produced widely divergent
resully. The firat method is probably the simplest, but requires that the center of the
anvil table (instrument location) execute the full amount of travel, ‘this method cuusist-

:y gave results too large compared to the other methnds, often indicating sverage
velocities largor than initial velocities. The graphical integration methcd suffers frora bot-
toming discontinuities of the veiocity meter and =ero shift caused by the natural frequency
of the seismic element when the integration is carried over an extended period. This
method yielded usable results by allowance for the bottoming discontinuities and appiica-
tion of a correction for the metor response. Anvil-table displacement thus obtained £-om
records selected at random were less than the nominal values of 6.78, 1.8, and 3.0 inches.
Because abnormally large average velocities are obtained when nominal displacement
values are used and because of the previously mentioned off-center hammer blows, it was
indicated that the center of the anvil L.ole did not travel the full distance when reversal
occurred, but that one side of the retaining ring struck {irst owing to a Uiting of the table.
Under static conditions, a maximum tilt of 3.5 degrees was possible before the hold-down
bolts jammed in their guides, making the center of the anvil table 0,78 inch lower than
the level at the hold-down bolts. This amount is sufficient to bring the resuits obtained by
integration and theory into agreement. The integrated veloc:'y record is considered most
accurate. Representative {igures for average velocity, computed by the three methods,
are given in Table 4. Correlntion between the theoretical and integrated average velocities
is best for 3-in, -travel biows because damping usnally attenuates the reaction compo-
nent to & negligible amount, These two methods are in error by about 10 percent for 0. 78-
in. blows, since reversal often takes place during the {irst half-cycle where the reaction
component is extremely large. The agreement between these latter mothods indicates that
the average anvil-table vejority may be predicted with reasonable accuracy for any height
of hammer drop A, mass ratio =, and anvil-table travel. Figure 21 shows the predicted
curves for 0,38-in. travel (0. 78-in. travel with maximum tilt) and 3-in. travel, together
with experimental average velocitios, In general, the curves enclose the majority of teat
points asnd conform to general trends, although they appear to be oo low for high values
of /(3 ¢+ =), Here reversal occurs within the [irst cycle of resaction uscillation, which
invalidates the assumption that this component averages to gero,
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| - TABLF 1
AnvilaTable Disnlacement and Averapge voiocity
i Heignt ] Average Velocity {{t/sec) B ’
Run| Drop [Displacementy TT | -
No.| (1) (in.) (ms) L st/ 1 [x, /T Theoretical” A
- T
i 1' | Nominal 3”7 Anvil-Table Travel
' ,
v | 3.0 2.39 36.0 5.95 5.53 5.54 ,
Z 3.0 2.13 35.0 7.15 5.07 5.20
: 2 3.0 7,42 35.0 7.15 5.75 5.54
4 3.715 2.46 38.0 8.57 5.39 4.99
Nominal 1.5* Anvil-Table Travel
1 3.0 1.26 18.0 8.95 5.83 g.19 )
i 2 1.25 1,23 217.0 4.63 3.79 4.11
3 3.715 1.25 18.5 6.76 5.83 5.0
! 4 .1 1.21 18.1 6. 90 5.57 5.03
| 5 5.2 1.10 18.5 8.78 4.95 5.29
! Nominal 0.75" Anvil-Table Travel
)
} 1 3.0 0.46 7.2 8.08 $.32 8.00
! 2 | 3.0 0.52 7.3 8.55 5.94 8.65
i 3 3.7 0.54 6.8 9.20 6.61 7.01
4 3.75 0.40 6.2 10.1 5.37 5. 55
5 3.8 | 0.52 10.7 5.84 4,05 5,08

* Integration of anvil-table velocity record with corrections applied. .’},
t Time for table reversal.
{ Nominal anvil-table travel distance (inches).

L/

§ —. 1
[ ] Ilr

asen ‘l Anvil-Table Reversal Velocity

ave,
o - f/.:..'.', - When thiw anvil table has riaen to its
: / , upper limit stops, its motion is suddenly :

arrested and it rebounds downward with .

s v a new veloclty which is determined by the
s . coefficient of restitution and the striking »
1

/ velocity. Om the test records, reversal
is Indicated by a step In the anvil-table
o 4V velocity trace, which is distinguishable
/ from meter-hottorning discontinuitiea by
- its sharper break and lesaer slope. A
' . sharp peak appears on (he anvil-table-
1 acceleration trace at the same time, »
= T 1 Denpite the fact that meter-bottoming dia-
4“ Pram—— continuitios und the restoriug furces on
i, the seismic element make determination .
" of anvil-table velocity at the moment of .
Figure 21 - "redicted average anvil-table impact {mpractical, the reversal step Is
veln€ity for channet.mnunted loads accurately displayed on the record.
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FEl AIRE OF Avi-TARLE VELOGITY AT REVERDAL
Figure 22 - Variation of anvii-table reversal velocity

with phase angle of reaction oscillation

Figure 22 shows the magnitude of the reversal velocity change, relative to initia] anvi;-
table velocity, plotted as a function of the reactinon-oscillation phase at reversal. Scatter
is quite evident between blows with identicai test conditions and between runs on different
load weights. On the average, however, points which lie in the vicinity of a whole number
of cycies are noticeably larger than those which occur near the aiternais hali-cyclen,
This is to be expected, since the anvil table has its greatest velocity at integral cycles
after impact and, consequently, should experience the greatest velocity change at these
times. The reversal velocity change averages 1.3 times the initial anvil-table velocity
in the neighbhorhood of the first peak and about 1.15 on the second peak. The remaining
paks average unity or less. Figured ona velocity-change basis, the ahock is greater for
reversil than for initial hammer impact if anvil-table reversal occurs at or near the end
of either the first or second cycle of oscillation. The slope of the reversal stap is less
steep than that caused by ammer impact and alleviates this secondary shock to some
extent; thess effects will be better borne out by a study of the reversal acceleration,
Recoguition of the existence of this attribute led to adoption of the two anvil-table travels
specifiad as standard test procedure. If the secondary shock is severe for one distance
of table travel, it will probably be proportionally less severe for the altermate travel.
Including & series of 0.73-1n. -travel blows further reduces the possibility of equipment
receiving abaot ~ail secondary shocks for both presently prescribed travel distances.
Froquency wariations between identical types of equipment ot ~voderately different weight
ares compensated in this manner, 30 that neither iz inadvertently diseriminated against,
becanse the combimtion of its weight, channel stiffnesn, and rise time happen 1o result
{n a severe secondary shock blow,

Load Veloeity - General

The load-velocity wvaveform, as shown by the typical teat records, is nearly sinusol-
dal in character and exhibits none of the atep discontinuities or high-frequency vibeations
presemt om the anvil table, because of the low-pass filter action of the auppart channels
which act aa springs. Maximum welocity 18 reached during the [irst hali-cycle of reaction
cacillation; subsequent peaks are attenvated as a result of damping. If the anvil tatle doos
ant strike its upper limit stops, the load motion decays to & negligidle valua ia 10 to 12
cycles. However, anvil-tabie reversals impose a new set of transienis which may mllify
or supmnent the motions already under way, depending upon their phase when reversal
occurs, 1t {s entirely possible for reversal (o cause a grester velocity change than that
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resulting (rom hammer impact, which con: cgueatly subjects (e lotd Ly (- ates : boek
forees,

Peak- Load Velocity

The peak velocity attained by the load was ci.-nutel from the amplitude of the first
peak, the largest in every case. Data for cach ot 1 cight oxperimental runs were
plotted against hammer-impact velocity, together vt the initiai anvil-table velocity
(Figures 12 thrcugh 19). Point symbols denote the dil uren. 2nvil-table travels. As with
initiai anvil-table velocity, these curves are apparently stright lines pasasing through
the origin and indicating a linear relationship with the hammer-impact velocity. In con-
trast to the initial anvil-table velocity, however, the slopes of these latter curves varied
from 1,08 for the lightest load to 0. 60 for the heaviest load; conjugate rins, the same
load with different spacing, were nearly the samc. Variations in peak-load velocity as
a function of the load weight for representative heights of hammer drop are shown in
Figure 23. These curves were computed from the slopes of the load-velocity versus

hammer-impact-velacity curves, since the
same heights of hammer drop were seldom

0 employed In more than two runs. Class A tests
1 [ 1 produced pesk-load velocities ranging from 8.3
. T ft/sec for a Group I blow to 11,5 ft/sec for
" $FT HSMSIR OROS either a Group II, III, or IV blow, although
", &y corresponding groups yielded 6.9 and ¥. 1 1t/sec
¥ o~ load velocities for a Class B test. The above
E L SN figures are averaged for the eight experiments!
ko T h runs; indlvidual readings varied by approxi-
§ . 1~ mately 9 percent. In general, heavier loads
H B = < showed smaller peak velocities,
b
e ] -
: Load Velocity Resulting From Table Reversal
ol —I As a result of anvil-table reversal, the
ST e load experiences an additiunal shock which is

added to the motions aiready under way. 2
reversasal occurs at a time when the load has its
Figure 2) - Peak-load velocity vs. maximum velocity on 0dd half-cycles, the peak
load weight velocity, afti* reversal, may be twice as large
as the peak caused by hammer impact. Reversal
velocity changes of the Joad decrease from this
raaximum as the phase angle departs from the odd hatf-cycles and become & minimum on
even half-cycles, despite the fact that the anvil-table reversal step is largest at this
point, Figure 11 shows the dependence of load-reversal velocity with phase angle for an
{deal case under the conditions stated earlier, In the practical case, damping reduces
the amplitude of the oscillating component and consequently causes the maximum rever-
sal velocities (o become less as the time to reversal \s increaned. Figure 24 shows s
plot of the ratio of reversal luoud velocity to initial peak-load velocity, plotied we a lunc-
tion of the phase angle at reversa) and shows the magnitude of the rariations. For rever-
saln which occur at the rirst load-velocity peak, the velocity change is twice as great as
the initial velocity, if it occurs on the load-velocity minimum a half-cycle later, the ratio
ls only 0.9, a spread of 4 to }. Succeasive peak-to-trough ratios become slightly leas
and are down to approxtmately 3 to 1 on the fourth cycle. Effects of phasing are clearly
shown by thiv pine and a change of only eight milliscconds (1/2 eycle at 83 ¢ps) (n rise
time may rhanre the lnad-reversal velocity by a factor of four.

o@e &
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Figure 24 - Variation of load-reversal velocity with
phase angle of reaction ascillation

Aavil-Table Acceleration - General

Acceleration signals were passed through either a 300- or 1000-cps low-pass filter
before being recorded; the 1000-cps filter was used predominantly, These filters removed
accelarometer resonances and the higher vibratory modes oa the anvil table which
obecure the rigid body moticrs. The principal frequency present in the 1000-cps-filter
records is about 780 cps, and it appears immediatelv after hammer impact and persists for
3 to § cycles. Anvil-iable velocity records show the ime vibration. Acceleration com-
ponents of high-frequency are generally not noticeable on the 1oad. Records for the 300-
cps filter show a wave form considerably ditferent since the principal frequency of the
anvil was outside its passband recion. Here, the starting transient has been reduced in
amwlitude and spread out along its base line, a condition characteristic of a filter excited
by pulses whose periods are shorter than the cutoff period,

Peak Anvil-Table Acceleration

The peak anvil-table accelerstion occurred immediately after the hammer impectfor
both the $00- and 1000-cps filter records, although the magnitudes were considerably different.
Figures 38 through 32 show theso peak measurements plotted agewet hammer-impact
velocity, As with measurements of anvil-table velocity, the curves are straight lines
pessing through the origin and have essentially the same slope for all eight experimental
raxs. Figure 33 shows a combined plot of these data for all runs and both filtsrs. Pesk
Seovierations ranged from 320g for the lowest Class B blow of 0.78 £t up to 880g (g = uaita
of gravity) for the moximum height blow of 3.8 (t with a 1CO0-eps fllter. Cor
measurements, using » 300-cps filter, yielded accelerations in the range of 80 to 300g.

The independence of anvil-table acceleration to weight of channel-mounted load is
ncted hare, as it was for initial anvil-table velocity, and providesa mutual check of
instrumentation. Assuming that the initial acceleration is a haif-sine pulse, it may thea
b integrated for the inclosed area and cormpared to the measured initial anvil-table
velocity clange. Thus

A

.'f,|' - w/e -L R dt -Lwas‘ sin we dt = 200,




18

00 =TT

NAVAL RESEARCH LATZORATOAY

T T 1 B
L~ Lere WTIONT - 1 108 -
oMY PASNG - 8 '
300 — ™ 9-e $
' 1 H
' ] T ¥
) )
400 T 1t
! }
: " -
300 ¢ e e
B 3
K 200 : i
= g | R
: +17]
100 = }
e o
: ‘ml"l
30 H o UM |
Y + 4 o WTARE TROWNL |-
i s A TamE TR,
b IE Y
]
0o : -
: caill
M ' 1 0ad
80 1908 & *000 79)
A i ! ! LI
. o 'namme -t
b dELTST L
e e A
¢ 4 [ ) [ ] 10 14 “ 18 "

HAMMER WPACT VELOOITY FT/920)

Figure 25 - Peak anvil-table and load

acceleration - Run 1
W T T T T T T ,
‘ b LBOO SMNT.20m 08 $ ¢
[ SH o IT K | ] b
600 |- we eummis-e - O e
L1 i 1 1
1 M M f
S [T A
w0 | =T - =1
! : ! -
: ; / 1900 PO
%0 v 1 i M
s . SEE Y O N o
1 *
800 - | ; !
! P | ' = -
) % h i ‘L{'r b
00 3 “.r‘d’ i
o p"’kp )
‘ . _L -
[} i L
! H I A YRIT Y
; o 18° TARE TAAVE, ——
' 1 4 09 TeMT PheveL
.0 H : T
] L] i
] . [l :
0o L e bty
") . i
1 ‘ M“‘h i i 190 n‘:.noo
1
bl Tt !'?.“1' e 1
f it @ nesnmre onge .ot
@ e ae e sh |
° Rl
L] ] [} 0 1 ] “ . [ ]
MAMMEN -MIPACTY -, ITY PT/MO

Figure 27 - Peak anvil-table and load
acceleration - Kun §

PEAK ACODLERATION B

PEAS ACCELERATION &

O TTT T T T Y
U D WEnt-we 08 . -
ST Wace -4 :
500 +— % canmmis-) - s
14 . '
184 : -
400 l + -
H v,
300 ‘ —gimT -— -
.7'/ :
00 | -
1 ]
i L~
'
° n
' o LS TRVRL
e @\ TARLE TAMNL,  froet
o O rams TRAVITL
8o
aw
00
: |
ﬁ 1300 67000 059
bl ._,1.;', ! T L T
- H L] -’
a Lt shinueds T b
4 [ ] ° e [ | [

HAMMER-SSMCT VELOOITY FT/5L0

Figure 26 - Peak anvil-table and load

acceleration - Run 2

LR LA
b= L0M0 VOB 000 L8O
LY SUeMme-2¢ W8 L,
s W2 GMAMNGLO -0
1]
e,
00 08
— : r
".\‘ s
i -H N
- uuvu'
(A TR Y
0\ RS TRV,  pend
i L SN VAP teavty
1]
: # !
f- ol . 1] 1309 8'n0e
\ H LI
¢ IP' ~-v} ]
LRI v Y

] 3 L L L] " -
MAMMER- M0 VELOOITY #T/8L DY

Filgure 28 - Peak anvil.table and load

acceleration « Run ¢

b T S
. o



e - S—— b b6 roan g P

NAVAL RESEZARCH LABORATONRY

V) SRENT - 1308 L8

SOLT wacst - ¢ W

C WY THMMEELY - Y
.

-ou;%u'

L] [ -
HANMER-IMPAOY VELOCITY (F T/3£0)

~¥3

“n0

1. H Y
1 H \ * 1
;ml- 4
F b 4 —et - L 4
. |
¢ &8 &8¢ 8 - &8 8 2 o

B OV NV

1 1

Felus - wltwﬂ# =],
T | g

!lm —] le
b -

Lo
L X ]

19" 1At TRAWL

o ¥ e TRAVEL

L
0
l
L]

s O ramg tRavn

it
i

0
t
b
'

r
1

!

—

|

i
.-4:..‘-..-‘— -»;_‘

4

;
#T 00 NANNEN DRCP - PY
{ toiee

™

12

HAMMER-SPACY VELOCITY (FT/3CC)

"

W)

600

i £
£ H”.M:,:/..é-:- L 8 g o et e et o 2l ]
- d1s ._I_T W IMV
I IR Dt Rl T e B o deet--y--4--4--1 4§
u ﬁl —— 4 X — C )
i '
wnu 1
. T
& 8 % 8 8 . 3 8 s o

Figure 30 - Peak anvil-table and load

Figure 29 - Peak anvil-table and load

acceleration - Run 6

acceleration - Run §

[ ]
HAMMER-MPACY VFLOCITY (FT/SEC)

) _ ./ u_ i
/ , — - 4
N T AT AT mm LS
AN ) 1
== _= ..,,,..11. e -3-h Y .mm
u/ J
el ot fe
& .
| 1T -de 2 |-'nm.
lw- T J./ m )
-1 gy o e i o s ]
R FT
3¢ L]y
[N H ! R
g 2 § 8 8 3 . 8 8 3 o
B Nt YLIIIIIV W4
) N 1Ty ”w,.l«.
M Lum ﬂ mm,.y
\]_les £i: ]
/ mn Ju“m mr
't
) Gy W ly - 1= g & ”1.II|A. ¢ 9 a - — '..
1 3 12 - Y
_ \['t
.||“ [RUND SUNS RN S QAN NS S SE l*riit.]uﬁlxun o . l“u
B I O 0 O O OO A N A e o e m\.
2 - R
In' :
15 {
L1 {
g8 § ¢ 8 8 8 o & & 8 o

HAMIER-NEPACT VELOOITY ¥ T/ LR

Fisu=r 12 - Peak anvil-table and load

Figure 3! - Peak anvil-table and load

accelerntion - Run 8

acceleration - Run 7



20 NAVAL RESEZARC™ LABORATORY

[ __J ¢ o
] 3 <.
!"' | wew oo raren

.
i-
i s
00 &9 ML
i i
i : L
- — !
° DR & Rk > ¢ !5 !L?!
»

Figure 33 - Peak anvil-table accleration - all runs

From Figures 20 and 33, initis] anvil-table velocity and peak anvil-table acceleration
are obtained for any specified height blow; for instance, at 10 ft/ssc impact velocity

z = 3104 and ;’ = §.4 ft/nez,

Using this acceleration value, the computed velocity becomes

[ ]
x, ,' - x/o = 200 = 4,24 ft/seec,

which is of the samo order of magnitude as the measured value of 8. 4 ft/sec. If allow-
ance is made for the filter-transmisaion characteristic (% percent at 760 cps), a calcu-
lated value for anvii-table velocity of €.05 ft/sec is obtained. This is in good agreement
with the value obtained.

Anvil-Table Reversal Acceleration

A negative acceloration pulse appears on the anvil-table acceleration trace as a
result of itg impact with the upper limit stops. In general, the reversal acceleration is a
single puise as contrasted to the damped vibration of the initial acceleration; i.e., no
table vibratory modes are excited to any measureahle extent. Differences betwean
response to these two impact types may be attributed to the different mechanisma involved in
starting and stopping the anvil table. Stopping forces are taken by the limit ring and tahle
bolts and are spread out over a considerably longer time than hammer impacts. Tilting
of the anvil table probably contributes, since the few bolts which first take the strain are
more resilient than s direct hammer-anvil collision,
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Phase ang.e of the reartion occillation at table reversal is relatively unimportant in thls
instance because the amplitude of the reaction component is small compared to the atarting
peak accelerstion. ThLe reversal zcceleration depends mostly on the magnitude of the
velocity change and the time required to execute it. Although the velucity change was shown
to be dependent on phase angle, the time element is affected by the resilience of the stop-
ping holts, an extremely random event because of the tilt at the time of reverssl. Anvil-
table reversal usually requires 2 to 4 millisecoids; Figure 34 shows the ratio of reveraal
to peak acceleration plotted against phase angle. Except for the one series of higher than
average values near the first cycle, the points indicate comaiderable acatter throughout
the entire range with no pronounced trends attribuiable to phase angle. On theaverage, the
ratio of reversal to peak acceleration drops from 0,3 during the first cycle to approximately
0.3 for the {fifth.
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PHASE ANGLE OF ANVIL-TABLE WILOGITY AT REVEKRGAL

Figure 34 - “ariation of anvii-table reversal velocity
with phase ang'e of reaction oscillation

Load Acceleration - General

Both the 300-cps and 1000-cps low-pass filters were employed in the circuit record
ing load accelerations, although the percentage of higher order frequencies was almost
negligibly small bocause of isolation afforded by the support channels. Consequently,
lond-acceleration waveforma obtained by either tilter are nearly identical, and for the
lighter loads and hammer blows they are approximately sinusoidal. As the load and
hammer height are increased, amplitude distortion becomes more noticeable owing to
nonlinearities in the support channels. These manifest themselves as a change in {re-
quency between positive and negative halves of one cycle of reaction oacillation, ponitive

peaks occurring at a higher frequency and possessing a larger »mplitude than negative
peaks.

T g - M oy e -

e,

Peak-Load Acceleration

i rmWLs

" The peak scceleration caused by hammer impact nccurs during the first half-cycle
N of osciliation: peaks which follow, except lor reversal are aitenuated by damping. Plota
. of peak-load acceleration are inciuded in Figures 25 through 32. A single curve denotes
- the results obtained with both filters. It in observed again that peak-load accelerations

are linearly related to the hammer-impact veiocity and are somewhat dependent on load

. and bolt spacing. Table 5 presents a summary of the peak-load accelerations measured
! for the maximum and minimum height blowa apecified for both Class A and B tests.

Peak-10ad accelerations ranged between 80g and 06g for the minimum height and
between 78¢ and 144g for the maximum keight blows scheduled for Class A tests. Higher

e

¢ s W e




e ————— . A— o ———

22 NAVAL REZEARCH LABOGRATORY

accelerations were associated with the heavier load weights. Class B tests showed peak
accelerations averaging about B0 percent as large as Class A blows.

TABLE 5
Load Acceleration for Class A and B Tests (309- or 1000-cps low-pass filtern)

DPeak-Load Acceleration (units of gravity)

Bolt Class A Class B

Run Spacing

No. (in.) Group! Groups 1], Il, and IV | Group I Groups II, 11T, and IV
1 18 63 A5 54 70
2 24 L] 92 57 ’ 73
3 16 80 8 49 65
4 24 73 85 60 80
] 24 T4 98 58 ki)
L] 32 ] 124 ™ 102
7 24 70 104 59 13
8 32 96 144 81 1062

Figure 38 shows the range of ioud anceleralivn caused by hummer Impact, possibly
expected for a Claas A test using the three brit-spacing dimensions employed in this
investigation. The 24-inch spacing was the only one for which data were obtained for all
loads, and this fact indicates that, {f the spucified number of support channels are uged,
peak-load accelerations remain relatively independent of load weight. For the same load
weight, but with a ditferent number of channels, the 32-inch spacing ylelds somewhat Iarger
load accelerations and the 18-inch spacing produces lesser accelerationa.

Load Acceleration after Table Reversal

When the anvil table reverases, the phase of reaction oscillation ig relatively:impor=-
tant, and could cause velocity changes on theload which are larger thanthose attributed to
fuitial hammer impact. Sincethe accalerationofthe load ia essentially the differentialtion of
the principal {requency occurring inthe velocity record, effects of table reversal will be
similar. Figure 36 shows how the phaneangle affects the load-acceleration magnitude after
tabla reversal. Peaks are centered aroundthe integral i»'f-cycles and reach values (ratio
of acceleration to initial peak-load acceleration) averaging about 1.2 for tho first half-cvcle
and 1.0or less after the third half-cycle. A minimum of about 0.3 occurs on the wholecycles.
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Figure 35 . Losdacceleration range Flpure 30 - Variation of load-reversal acctleration
for Class A tents with phase angle of reaction osucillation
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Load Frequency

For the lighter 'oads and lower harnmer drops, the waveforms of velocity aund
acceleration on both the anvil table and inad are nearly sinusoidal. However, as the load
and/or hamner droyp are increased. the waveforms become progressively more dis-
torted, and the frequency gradually decreasesas the load motion becomes less violent,
Frequency variations and waveshape distortion can be attributed to nonlincarities and to
a direction sensitivity in the support channels. The latter is caused by a change in end
conditions with dire:tion of deflection. When the support channels are being deflected
toward the anvil table (positive load acceleration), they deflcct beyond the inner edges
of the base channels; for deflection away from the anvil table they pivot around the outer
odges of the bese channels, Besides a shortening of effective length with di.vnward
deflection, end conditions change from a hinge-type pivot to a clamped-end condition, which
is conasiderably stiffer. In determining the load-reaction frequency, at least three and
preferably four cycles were included in the count. Frequencies listed for each run are
then the average of all frequency measuremeants for a given run and represent the most
probable value which can be assigned to this quantity (Table 6).

TABLE 6
Average Reaction Frequency
Number Bolt Load Average
of Spacing Weight Frequency

Pun No. Channels (in.) (1b) (eps)

1 4 18 1118 5.6

2 3 24 1118 1.4

3 8 1% 2051 85.4

4 ] 24 20512 87.5

8 8 24 3388 3.8

é 5 32 3388 8.1

T 10 24 4423 70.8 '

8 7 32 4423 a1.17
Roed-Cage Deta

Reed-gage records have been analyzed and an additional rxsort will be prepared and
submittad in the near future.

Corrsiation betwsen Theoretical and Experimental Results

The waveforms obtained exparimentully are in good agreement with the idealized
curves of Figure 10 when allowances are made for gravity ¢ffects and errors introduced
over extended pericds of time by the velocity-meter seismic element. Tha shock
delivered to the anvil table can then be adequately described as an impulsive typs. charac-
terixed by a step-velocity change. Correlation was gocd between experiments! and
theoretical methods of computing average anvil-table velocity, A second example is
given in Table 7 by comparing maas ratio with dead-weight msasurements and from the
experimentsl data. If damping is negiected during the {irst half-cycle of reaction oacil-
lation, the maximum and mintmum anvil velocity evaluailed from the expression derived
in Appendix 11 becomes

i
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In determining the weights which make up either mass, one half the weight of tha
supporting channels vas added to the load and one half to the table.

TABLE 7
Comparison of Mans Ratlo

Total Load Calculated Experimental
Run No. Wt (Ib) Anvil-Table Wt (1b) Mass Ratio Mass Ratio
1 1285 5098 0.2% 0.26
2 1228 5058 0.24 0.28
3 2358 5188 0.48 0.83
4 2320 5130 0.48 0.40
3 34ge 5143 0.7 0.73
] 3678 5130 0.7 0.73
7 4798 5318 0.00 0.89
8 4688 5306 0.90 g.08
R

Figures given as experimental data were the average of the twenty-odd blows struck
duving each of the test runs; indivivua) {igures varied by as much as 10 pevcent from
the average. Techniques employed in detexrmining the mintmum vsiocity follow those
meationed earlier as an average ilne was drawn through the anvil-table vibrations,

Corralation batween theory and experiment for load velocities is not as good a8
might be expected, becauss nonlinearities and direction sensitivities in the supporting
channels sre not accounted for in the theoretical treatment. In addition, no allowance
was made for components owing to the initial static-chcene] deflection. Thus the peak
theoretical load velocity is

+ -

"Il .

-

when gravity and damping are omitted, Table 8 gives the correlation between methods
and indicates that the experimentsl data consistenily ran higher than computed figures;
the differenc@ is greatest for the lightar loads, decreasing with an incresse in mass
ratio. In a stmilar mannez, the peak load accelerstion may be computed as

=g
H

+

%

Here, thie arror between results (Table 8) Is considerably grauter, as might be expectled,
for ¢ higher order function,
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TAELE 8
Con.parison of Experimental and Theoretical Results

! Peak Load Velocity Peak Load Acceleration

i

! R, max 2 Y‘ max w

| v T+ao Per- v, L+m |Per-
Run{MassiFrequency y cent cent
Nu. [Ratio}] (cps) |[Experimental{Theoretical; Error | Experimental|Theoretical{ Error
1 025! 65.8 1.61 1.60 16.2 14.4 10.2 29.2
2 (624, 71.4 2.00 1.61 19.5 15.0 11.2 25.3
5 (046 55.4 1.87 1.37 17.6 11.5 7.4 35,7
4 |0.45]| 57.5 1.14 1.38 20.3 13.9 1.7 44. 6
5 10.70| €5.5 1.30 1.17 10.0 12.0 7.5 37.4
6 10.70| 68,1 1.3¢ 1.17 10.0 15.7 7.8 50.3
7 10980 70.8 1.17 1.05 10.3 10.4 7.2 0.8
8 |090| 61.7 1.11 1.05 5.4 14.3 7.0 57.0

AS can be seen from the foregoing discussions, channel atiffness plays an extremely
important part in the determination of peak-load accelerations. With the instrumentation
used during this investigation, chanrel stiffness was not a directly measuratle quantity,
but two methods are available for evaluating it indirectly from the recorded data, Masthod I
makes use of the expression derived in Appendix II for frequency of oscillation, which,
when rearranged, becomes

'l .I

k o—m———w?,

o+

and Method II utilizes the measurement of peak positive load acceleration in the
expression

F T+
VF o = 1§ max,
]

Table § lists channel-stiffness values computed by both metheds,

TABLE 9
Computed Values for Channel Stiffness
Bolt Stiffness
Run No. of Spacing Frequency (10" lb/ft/channel)
No. Channels {in.) (cps) Method I Method Tl
1 4 16 65.6 1.34 2.50
] 3 24 .4 2.05 3.n
3 8 16 5%.4 1.01 2,35
4 5 24 015 1.29 4.008
5 8 24 835.5 1.42 3.0%
8 5 32 88.1 2.30 0.68
7 10 24 70.6 1.54 2.94
8 7 32 1.7 1.06 8.10

o@e ¢
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A plot of these data against load-holt spacing is given in Figure 37, together with the
calculated stiffness of a simple-ended beam. In general. Method [ yields stiffncsses
which are less than the calculated stiffness of the simple beam, but Meathod Il data are
all greater,

The coefficient of eritical damping

2 — v

T P P varies widely betwcen consecutive peaks
Ty T f T = of the same biow and between identical ham-
ot | et ! mer blows. [ngeneral, it becomes largeras
s . L f) R T the amplitude decreases; thir indicates
° T | | , a larger percentage of friction damping,
ol Al et e nas ~—+ M The methods of securing the ioad on the
E el oL 4 I Medium-Weight Shock Machine in speci-
s 0. 4; | warmons ] ! fication shock tests make it likely that
Ky [ | f T damping in the order of 4 to 5 percent of
n - 4 R = eritical may be expected.
g A | ! - |/ et
w ! “ [ L1 ]
& | rF e ———+ SUMMARY
; o
I~ d T
_’__Q:,_j]g_ wgteon 1 ] The Medium-Weight Shock Machine
Doy e 1 i has been used since 1943 to determine .2
0 o P vy 0 a0 =0 an resistance of naval shipboard equipment

to shock damage, uUnsts to be shock tested
are secured to standard mounting adaptars
to simulate the stiffness of their founda-
tions aboard ship and are then subjected
to a series of shock blows, the magnitude
of which is governed principally by taeir
weight. Tl is study was made to ascertain the magnitude, [requencies, and general char-
acteristics of the shock delivered by this machine under standard operating conditions.
Data taken are then compared with shock data obtained aboard ship under actual combat
cunditions and will serve ax a anin for comparing the performance of other shock ma-
chines of similar type,

LOAD BOLT SPAGING-IN.

Figure 37 - Cumputed channel stiffness

Dead-weight loads, ranging throuchout the capacity of the machine, were mounted
according to apecifications and subjected to 2 series of biows corresponding to the mag-
nitudes given Clas3 A and B equipments. [n addition to the standard test procedure,
blows cquivalent to 50 percent of Class B and 150 pesrent of Class A biows were
delivered, and a third table-travel distance of 0,75 in¢¥ was included.

Measurements were made on the load and at the center of the anvil table by two
groups of instruments, each group including an accelerometer, a velocity meter, and a
multifrequency reod gage. Qutpiut signals were recorded as a function of time by standard
cathode-ray-oscillographic techniques and simultancously by a muitichannel Mirragraph
aystem.

Peak values ol initial anvil-table velocity and table acceleration are linearly related
10 hammer-impac! velocity and are independent of the weight of the channel-mounted
load. Values rang.ng up to 10,3 ft/sec and 580g, (1000-cps filter) were measured on the
anvil table for the maximum hammer drop of 5.5 ft, Two principal {requencies were
encountered on tha anvil table—a 750-cps component caused by elastic vibrations in the
table excited by the hammer blow and a lower frequency of approximately 835 cps attrib-
uted to the reaction of the relatively flexibly mounted ioad. Peak values of load velocity
and acceleration are also linearly related to hammer-impuct velocity, but are dependant
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oa load weight. Maximum values which might be expected for a typical Class A test are
11.5 it/sec for velocity and between 80g and 144g for acceleration, becoming larger for
the heavier loads, The principa! frequency averaged around 8% ¢ps.

It {8 shown mathematically that the anvi! table and its load could be approximated to
a fair degree of accuracy by a single-degree-of-frecdom system of two coupled masses,
On the basis of these derived equations, representative v lves of mass ratio, damping,
and channe! stiffness were computed.
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APPENDIX |
Descriptive Details of Mounting Arrangements

The following comments on the methods used in arranging the support channels for
this tnvestigation are not intended to imply that these methods are preferred. Detailed
drawings of the inad apparaius are shown in Figures 38 through 41.

Run 1 - Four car-building channels were required, one pair of which was located along
sach load-bolt Line. The load feet rested on 7in. x 9 in. x 1 in, steel plates which span-
ned both channels of a pair.

Run 2 - Three car-building channels were required. One pair, conaisting of one standerd
and one car-bullding chunnel, was located along each load-bolt 1ine. The load fest rested

on 7in, x 9 in, x 1 in, steel pads (Figure 4).

Run 3 - Six car-building channels were required. Two pairs of channels, oach consist-
ing of one car-building and one standard channel, were arranged along each bolt line.
The load feet rested at the center of 8 in. x 14 in. x 1 in. steel piaten whirh apanned the
two pairs of channels. Distance Letwesn the center lines of pairs of channeis along one
bolt line wasg 8-3/4 inches,

Run 4 - Five car-building channels were required. One pair of channels, conaisting of
one car-building and one standard channel, and a second pair of channels, comprising
two standard channcls, were Jocated along each load-boit line. As before, the center
spacing between adjacent pairs of channels was 8-3/4 inches, and the joad rested on 8 in.
x 14 in. x 1 in. steel pads which spanned the two pairs. The channel pair comprising the
two atandard channels was placed inboard of the bolt line,

Run § - Eight car-building channels were required. Four pairs were located at approxi-
mately equal intervals along the entire length of the base channels. Across the top and
at right angles to these, were bolted two pairs of 6 in. x 15.9 lb auxiliary channels,
Rough-cut 1/2- and 5/8-in. -thick steel plates welded to the upper flanges maintained the
spacing bstween channel members and served as pads for the load feet and connecting
boita, Spacers were also welded into the ends of these chasels,

Run 6 - Five car-building channels were required. A total of three pairs of channe.;
were used. One pair of car-building channels was placed under the centsr of the load,
The remaining two pairs, each coinposed of one standard and ons car-tuilding channel,
wers positiored outboard to yield a support-channel spacing of approximately 21 Inches.
The auxiliary channels were again used to mount the load. However, to minimise the
time for changes in the test setup roquired by the different boit spacing, the lond was
mounted off-center with reapect to the auxiliary channels and utilizsed some of the previ-
ously located pads. Only four additional plates which could be instailed without disturb-
ing any of the existing piates, were welded to the flanges; two for the icad fest and two
for the center pair of supporting channels. The slight unhalance caused by the asym-
metry of the auxtliary channels was compensated by shifting the load.

Run 7 - Ten car-building channels were required. Chronologically this run was made
immediately following Run 5 to minimize dizmantling. The four pairs of channels used

29
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in this former run were kept intact in their previous posttions; two pairs of channels
comprising two stanrdard channels each were installed under the center of the load.
Additional attachment plates were weided to the upper flange of the auxiilary chianels
to secure them. Car-hutlding channels would have been preferred for the addidonai
channels, but they were not available.

Run 8 - Seven car-building channels were required. The off-center arrangement o the
auxillary channels usod during Run 8 was employed again here. Two pairs of car-build-
ing channels and two pairs, consisting of one car-building and one standard channel,
were located under the auxiliary channein with appro~imately equal spacing. The pairs
contatning the standard channels were placed outboard.
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APPENDIX I

Derivation of Equations of Motion

The equations of motion for a single-degree-of-freedom system ¢f two coupled
masses with viscous camping are derived from the force equations, The force equations

M, tx,

Figure 42 - Cquivalent single-degrae-
of-freedom system

for this system are given iy

-k (x, = %) = ¢ (X - %) -'l:, 1)
and . -
E(x. ~x )+ c (% —x)=Mx (2

where x is the spring constant, assumed
linear, and ¢ is the damping coeffieient,
These equations are second degree, auuul-
tancous differential equations with conatant
coefficients, Assumptiora are made that (a)
the spring is linear and massleas, (b) damp-
ing is viscous, and (c) the effects of gravity
can be neglected. Boundary conditions are
chosen 80 that the entire systam is at rest
prior to ¢t = ¢ andat ¢+ = 0 the lower mnss
suddenly acquires a velocity v, . Expressed
mathematically these become

.l-;'-=‘-g’-0

% * %m0,

Resorting to the Laplace Transformation and substituting in the bouadary conditions,

these equations become

(1,07 + co+ k) %, = (cp+ &) X, = myy, ®

(cp-tk)f,—(l'p"tepi-k)l.-o . (4)

Solving this pair of simultaneous equations for x, yields
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{
where w = N, handv = §, + &, . '
The nature of the golution for the inverse transformatinn depcnds upon the form of .
\.
Iyl k N
the roots of the quadratic in the denominator, |, e,, the relative values of c—:—. and 4-“—" .
"
1,13
Then Y m g 53 + the case for critical damping, the rasulting motion of ¥, is nonoscil-
u? ; 103 ®
latory and reaches its final value in a minimum of time, For pd : > 4 .'.E- . the routs
B
are real, and the motion remains nonosciliatory, although the final value is reached at )
a somewhat later time. This is the overdamped case, The cemaining solution is of inter- !
1,2 Y
est to this problem and occurs when < : < 4 % . Ylelding imaginary roota to the 3 »
13 '
uperational quadratic. in this event, the motion is oscillatory around its final value, 4
decaying in an exponentiz]l manner as determined by the percent of critical damping. The M
exprestion for ¥, then becomes q
g =0k [ A1 3
1 T v 2 - Y _: ' i
PP (pr )T+ !
H ®
1
wherey = cy and 8 _l (4kv _ c:n)? . ®) 3
2 2 N p? 'a
. e
The inverse transformation &, is then f
v, ®
5 =2t [e--:-(.m ae).m]- ) %
In this forwx the expresaion for the load displacement 18 obscure and difficult to interpret. -
-»
By expressing the damping as 2 percentage of the critical damping, ¢, = ‘/ AL , the 1
. v
interrelation of the components ia more clearly seen, ;| »
. 4
x, = v’ ¢ -~ L '..’ sin 0 1 _.C-‘ (.’
1 1+ p el
oI -5 ° .
ee ; .
kv
vhere--l./l,mdo-v—;' i
For snull percentages of damping, c/c, leas than 10% for instance, 1 - ¢} is apprexd 3
mately unity, and for all practical purposes the load displacement becomes
»
< et '
- V. [ LA ain we ‘
s 1t oa L ' ) 9 .
i
Surcensive differentiation ylelds expressions for the lcad velocity and accelmration -
Hiven by [ »
»
. »
= =) & -3 s a & =]
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5 = % [l . ,-:-'(-i_ ain vt - cos QC)J and  (10)

1+ e e,
% - l'i“.{( —.% sin vt + 15—:0- ut] (11)
These simplify to
" [ ) - (1a)
g - [.“ oin ..,.] ay)

when the damping is small. The presence of the terms which have been omitied in the
last expresaions changes the phasc and amplitude of the oscillation to a negligible ex-
tent when the damping ia kept small.

Expreasions for the anvil-table motion are obtainable by going back to the origimal
Equations (1 and 2). Adding these yields

LE ¢+ nx =0, (14)
from which
g - ::.: me " sin u!] . (18)
N PRNR ...] . e (19
x = ‘—‘;—.— t+ 2—;..—--|n ul] N (17

the conntanta of integration being determined from the boundary conditions,

To datermine the motions invoived as a result of anvil-table reversal, it is simplest
o neglect both damping and gravity and to azssume that the coefficient of restitution is 0.5,

Lat the time of reversal be represented by
T = wi,; (l‘)
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then the boundary conditions for the new problem can be evaluated from Fquations
112), (13), (18}, and (17), remembering that the new anvil-table velocity change becomes

‘ﬂ"

. =-0.5;,' (19;

Using Equations (1), and (2), butwithe « o, and going through a similar method of solu-
tion, the load velocity becomes

}‘ -t [(sin t) sin we 4+ (1 = cor T) cos ut] +

1 + =
Y 1 _ 3= .
m [.-;-—;— cos‘t] [1 = cos we): (20)
L I I
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